China's active hydropower development is commanding global attention. New cascades of large dams are planned on large transboundary rivers and smaller dams are being rapidly built on their tributaries. Downstream nations and international conservation organizations are becoming increasingly concerned. The majority of China's major hydropower investments and interests are concentrated in steep, untamed western rivers with vast theoretical hydropower potential, notably the Lancang (Upper Mekong), Nu (Upper Salween), Jinsha (upper Yangtze), and Yarlung Tsangpo (Upper Brahmaputra) Rivers. Though the potential power from the western provinces of Yunnan and Tibet is great, the potential social and environmental impacts on both China and downstream nations may be costly as well. Impact evaluation remains a challenging process, one that is fraught with uncertainty and rarely undertaken with sufficient rigor, to the detriment of communities bearing the costs of hydropower development.
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Given the need for more robust and transparent decision making which assesses the full spectrum of dam costs and benefits, a team of researchers in the United States and China collaborated to create the interdisciplinary Integrative Dam Assessment Model (IDAM) 2,3 , which we applied to evaluate potential outcomes of proposed hydropower dams on China's Nu River. Framing analysis of dam impacts within the 1992 Rio Convention's definition of sustainability, we investigated socioeconomic, biophysical, and geopolitical vulnerabilities associated with hydropower development in Nujiang Prefecture, Yunnan Province. The Nu River region, among the poorest areas of China economically, is rich in biodiversity and cultural resources. It is home to 22 distinct ethnic groups, who together comprise over 92% of the region's population. Endemic and protected species characterize the vast ecological diversity of Northwest Yunnan, which is recognized by UNESCO as a World Heritage Site and by The Nature Conservancy and Conservation International for its unique value to global biodiversity.
Our analysis finds that within the Nu River Valley, vulnerability to hydropower development varies with the remoteness of the dam sites. Access to Nujiang Prefecture is largely from the more populated and affluent south. The rugged terrain to the north, west, and east, as well as an international border with Myanmar to the west, limit exchanges, and populations tend to become more isolated and remote as one moves farther north. One theme consistently reinforced in our data is that households, communities, and ecosystems that are marginalized geographically tend to also be marginalized economically, culturally, and politically. This phenomenon contributes to particularly acute and compound vulnerabilities in the northern dam sites.
The northernmost study area exhibits the lowest levels of wealth, the highest concentration of ethnic minorities, the lowest literacy rates, the lowest levels of social cohesion, and the least access to information. These factors all influence residents' abilities to cope with and adapt to the effects of the proposed dam projects, including displacement and resettlement.
Housing values, the largest economic asset in rural China and the factor upon which government compensation for resettlement is calculated, decrease from south to north.
Household cooking, Nu River Valley, Yunnan, China Percentages of people identifying as ethnic minorities are high throughout the study area, and 100% of people surveyed in the most northern community self-identify as the Lisu ethnicity. One of the key challenges for these minority groups is limited proficiency in Mandarin Chinese, leaving them at a disadvantage in business opportunities, networking, and off-farm economic activities.
Lower literacy and geographic isolation also lead to diminished capacity to participate in public hearings and other official activities related to the hydropower projects. 5 Our data suggest that both access to information about the dams' development and local participation in the planning process is lower in isolated northern communities. For example, 91% of households in the southernmost community reported awareness of the planned dams, while only 36% of households were aware of the dams in the northernmost community.
Village in the Nu River Valley, Yunnan, China
Though we observe little evidence of international conflict on the Nu River, insufficient basin-wide institutional capacity to regulate and absorb changes may leave the region vulnerable to future conflict. No formalized mechanisms for water management exist within the Salween River basin, and we observe a trend of fewer cooperative and more conflictive international events since China's advancement of the Nu River hydropower project. However, bilateral investment agreements for hydropower development between the three riparian nations of China, Thailand, and Myanmar, may help stabilize government-togovernment relations.
Environmentally, the northern and remote portions of the study area may also be more vulnerable to hydropower development. Patterns of human settlement and influence have resulted in larger, more contiguous patches of intact primary habitats in the northern and remote portions of the study area, particularly in steep, high-altitude zones where cultivation and settlement is sparse. Consequently, these habitat patches are most often selected for conservation designations. Thus, reservoirs in the more remote north will inundate more designated conservation land than those in the south.
Nu River, Yunnan, China Furthermore, the ecological effects of small hydropower development may be as damaging as consequences from large dams. 6 Our study of small hydropower cumulative effects in the Nu River valley finds that they often meet or exceed effects of large dams, in terms of potential for alteration of rivers, degradation of water quality, disruption of catchment-scale connectivity, or potential to affect designated conservation lands. This indicates the need to utilize more comprehensive definitions of low-impact hydropower than those currently applied, such as a generation capacity lower than 10 megawatts. Currently, imprecise standards for 'sustainable hydropower' are in place for national and international policies (e.g. the Kyoto Protocol's Clean Development Mechanism) that fund and fast-track small hydropower development with less stringent requirements for impact assessment and mitigation. 7 Our findings suggest that remote communities and environments may be especially vulnerable to the negative impacts of hydropower development. Planning and development agencies can help reduce this vulnerability by 1) ensuring that culturally and geographically isolated people are participating in planning processes and receiving adequate information, and 2) identifying measures to mitigate the social and environmental vulnerabilities to hydropower development through comprehensive and integrated impact assessment. Furthermore, to ensure the sustainability of hydropower development, designations of lowimpact hydropower require more targeted study. Simple indicators, such as the size of the dam, may be insufficient to describe potential for impact.
